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COVER: A convenient reference angle, accurate to 0.02 second of arc, 
has been developed at NBS. The reference consists of two plane mirrors 
facing each other to form a wedge. Exact multiples of the included 
angle appear by reflection in each mirror. After interferometric deter- 


mination of the angle between the mirrors, the images can be used as 
references for duplication of the original angle, thus permitting the 
calibration of a circle with a minimum number of readjustments of the 


wedge (see p. 47). 


Accurate Alinement Interferometer 


A SIMPLE interferometer for the optical alinement 
of light sources along a path several miles long, or for 
determining the displacement of a light source from a 
known axis, has been developed by J. B. Saunders of 
the engineering metrology laboratory.‘ This device, 
which is compact, rugged, and highly sensitive, permits 
the positioning of a small light source to within 0.04 
mm at a distance of 1600 m. Among the potential ap- 
plications of the interferometer is the alinement of the 
tubes of long linear accelerators. 

The interferometer consists of two Kosters prisms,” 
one in line with and the other at right angles to the in- 
coming light. A beam divider (a semireflecting mir- 
ror) is positioned to direct the light into the two prisms 
(see diagram, below, right). A Kosters prism is made 
of two 30-60-90 degree prisms fastened together, and 
has a semireflecting interface. This prism exhibits a 
series of fringes at right angles to its edge when the 
source is alined with its dividing plane or interface. 
The use of two prisms, with the planes of their dividing 
surfaces at right angles to one another, permits the 
accurate location of a source on the intersection of the 
two planes. When the distance to the source is known, 
the displacement of the source from the axis of the 
prisms can be computed from the order of interference 
measured at a reference point. The theoretical formula 
for sensitivity was confirmed with experiments over a 
75-m path. 

When a KoOsters prism having a convex front sur- 
face is used in conjunction with a sufficiently bright 
source, fringes can be observed without the inclusion 


Top: Using the alinement interferometer, J. B. Saunders 
examines fringes (not visible) in the interference ele- 
ment—a K6sters prism. The orientation of the fringes 
depends upon the placement of the source with respect 
to the dividing plane of the prism. The lens at the 
right is used to increase the aperture of the system. 
The use of a beam divider and a second prism would 
permit alinement in two planes. Below: Interferome- 
ter for the accurate alinement of light sources at dis- 
tances up to several miles. Incoming light from 
source (S) is sent by beam divider (B) to two KGsters 
prisms (C and D). When the source is in line with 
the dividing planes of these prisms, interference fringes 
will be formed at right angles to the prisms’ edge. 
Prism D is rotated relative to C so that its dividing plane 
is parallel to the figure, thus permitting the positioning 
of the source in two planes. Lateral alinement to within 
0.04 mm at 1600 m is possible. 
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of any other optics. However, as the precision and 
sensitivity of this interferometer depend on its aperture, 
and as K6sters prisms with large apertures are difficult 
to produce, the aperture of the system can be increased, 
when necessary, by the use of a telescope. If, for ex- 
ample, a Cassegrainian system is used, light from 
sources near the interferometer (i.e., light which needs 
no concentration) enters without reflection, whereas 
light from more distant sources is reflected before 
entering. 

A small white-light source, such as a zirconium arc 
lamp, serves quite well for use with this interferometer. 
White light, however, must be passed through a mica 
14-wave plate to provide the proper polarization. One 
limitation of this interferometer, however, is the insta- 
bilities in the fringe pattern caused by atmospheric in- 
homogeneities. An extremely quiet atmosphere or, 
better still, an evacuated system is necessary for its 
most effective utilization. 


+An alinement interferometer, by J. B. Saunders, 
submitted to J. Opt. Soc. Am. 

* Construction of a Kosters double-image prism, by 
J. B. Saunders, J. Research NBS 58, 21 (Jan. 1957). 
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RADIO MEASUREMENTS 


of a Manmade Radiation Belt 


THE BUREAU’S Jicamarca, Peru, Observatory, in 
cooperation with the Geophysical Institute of Peru, has 
made a series of measurements of the synchrotron* 
radiation emitted by the manmade belt of high-energy 
electrons formed by a high-altitude nuclear detonation.* 
From these measurements, made at 30 and 50 Mc/s, 
the number, energy spectrum, and decay rate of the 
electrons have been derived. This information con- 
tributes to an improved understanding of the physics 
of the upper atmosphere. 

The test shot from which this radiation belt resulted 
was fired at a height of about 400 km above Johnston 
Island in the Pacific on July 9, 1962. The electrons 
formed by the explosion were trapped by the earth’s 
magnetic field in a doughnut-shaped region extending 
approximately 20 deg north and south of the magnetic 
equator. Measurements of this belt have been made 
by the Bureau with ground-based equipment and by the 
National Aeronautics and Space Administration with 
satellite instruments. 

Three receiving systems were used by NBS to meas- 
ure the radiation from the artificial belt, the most im- 
portant of which is an array of crossed dipoles at 
Jicamarca covering an area of 288 by 288 m (about 22 
acres). Half of this antenna was used to make total 
radio-noise power measurements at 50 Mc/s, and the 
other half connected so that it could be rapidly switched 
from north-south to east-west polarization, the differ- 
ence between these two polarizations being displayed. 
Two smaller radio antennas, both operating at 30 Mc/s, 


*The electromagnetic radiation emitted by energetic elec- 
trons moving in a magnetic field is called synchrotron radiation 
because it was first discovered in studies involving the particle 
accelerator called a synchrotron. 


Left: A portion of the dipole antenna, located at Jica- 
marca, Peru, used in the measurement of the artificial 
radiation belt. Right: Air view of the 22-acre antenna 


during construction. 


were also used, one at Jicamarca and the other at 
nearby Huancayo. The three antennas are situated 
close to the magnetic equator, where the lines of the 
earth’s magnetic field are horizontal. 

The record of the radio-noise power at the time of 
the detonation indicates a large increase some 6 min 
after the blast, corresponding to the first passage of the 
energetic electrons over the antennas. The magnitude 
of this peak is shown by the fact that the equivalent 
noise diode current of the 50 Mc/s antenna is 12 ma, 
and the peak current corresponding to the first passage 
of the electrons was about 105 ma. About 25 min 
after the first peak, a second, less well-defined peak 
occurred, denoting the second passage of the electrons. 
Thereafter, due to the spreading in longitude of the 
electrons resulting from their different speeds, a general 
level of radiation well above that of the usual noise 
background prevailed. The synchrotron radiation, as 
shown by the difference in the polarization measure- 
ments, is almost linear. 

The slow decay of this radiation is seen from a day- 
by-day plot of measurements made at 30 Mc/s (see il- 
lustration). Most of the measurements were made at 
(and the others normalized to) 0600 hr local time, a 
time when ionospheric absorption is quite low. Two 
months after the test firing about one half of the radia- 
tion had decayed, and the rate of decay is thought to 
be decreasing. Therefore, at least 15 percent of the 
original synchrotron radiation may be present after 
one year. 

The energy spectrum of the electrons has been cal- 
culated from the time-intensity plot of their first pas- 
sage, as the time of arrival of an electron is a function 
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Above: Record of part of a series of 
measurements of the radio noise 
emitted by the electrons resulting from 
high-altitude atomic test. The large 
peak in the radio-noise record cor- 
responds to the first passage of the 
electrons over the antenna some 6 min 120 
after the explosion. Right: Measure- 
ments at 30 Me/s of the radio noise 
emitted by the manmade radiation belt 
show a slow decline in intensity. At 
the current rate of decrease, at least 15 
percent of the original power will re- 
main one year from inception. 
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of its energy or speed. On the assumption that the 
mean altitude of the electrons is about 1500 km (a fig- 
ure substantiated by satellite measurements), a plot of 
the observed spectrum was obtained which agrees close- 
ly with the expected spectrum resulting from the ex- 
plosion. The highest energy recorded was somewhat 
over 6 Mev, although errors in measurement could have 
masked electrons of higher energy. 

Calculations based upon the experimental results 
were also made of the number of electrons in the radia- 
tion belt. When the efficiency of the antenna for the 
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detection of polarized radiation is taken into account, 
a rough total of somewhat over 10° electrons is ob- 
tained. This figure agrees with estimates made from 
satellite measurements. 


1 See Observations of synchrotron radio noise at the 
magnetic equator following the high altitude nuclear 
explosion of July 9, 1962, by G. R. Ochs, D. T. Farley, 
K. L. Bowles, and P. Bandyopadhay, to appear in J. 
Geophys. Res. See also Artificial radiation belt dis- 
cussed in symposium at Goddard Space Center, Science 


138, 53 (Oct. 5, 1962). 


SMALL CALORIMETERS FOR ABSORBED DOSE MEASUREMENTS 


ABSORBED DOSE calorimeters in which the mass 
of the absorbing material is less than 1.5 g have been de- 
veloped by Ben Petree and George Ward of the radia- 
tion physics laboratory. Two such devices have been 
constructed under Atomic Energy Commission spon- 
sorship—one of graphite and another of aluminum. 
These calorimeters, which are of simple design, can be 
used with X- or gamma-ray dose rates in excess of 1 
rad (100 ergs/gram) per second, and are accurate to 
within | percent or better.* 

The effect of radiation on any material results from 
the absorption of energy. One way to determine the 
absorbed dose in a material is to make measurements 
of the ionization resulting from the radiation in a gas 
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within a cavity of the material and then, with suitable 
conversion factors,* calculate the absorbed dose. This 
method is widely used, but is limited by the accuracy 
with which the conversion factors are known, and by 
the maximum dose rate that can be measured by the 
ionization technique. A more direct method for deter- 
mining the absorbed dose is used in these Bureau-devel- 
oped devices—the measurement of the temperature rise 
associated with the absorption of radiation. 


*The factors which must be known are W, the average energy 
required to produce an ion pair in the gas used in the ioniza- 
tion chamber; and sm, the ratio of the stopping powers of the 
material in which the absorbed dose is being determined to 
that of the gas in the cavity. 
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Small absorbed-dose calorimeter developed by the Bu- 
reau. The radiation is absorbed in the aluminum 
cylinder at the right, and the temperature rise due to 
this absorption is recorded. In use, the cylinder fits 
within the shield to the left. Heater wires (wound ex- 
ternally on the shield to keep it at the same temperature 
as the core), and the shield and core thermocouple wires 
are not shown. 


Dimensional data on small absorbed-dose calorimeters 


Graphite Aluminum 


IMassiofsabsorbing1cores===2=eo2es=—=—— 0.9 g 14 g 
Shieldiiwallithickness=s2s2 == === === 0.4 cm 0.102 cm 
Shield diameter, outside__.___-__--__-__- 2.2 cm 1.32 cm 
Shieldshetcht=ss=s = as eee spherical 0.880 cm 
Core-to-shield spacing, radial_________- 0.2 cm 0.051 cm 


Core-to-shield spacing, top and bottom_. -_-_ 0.020 cm 

The two Bureau chambers differ somewhat in geome- 
try (see table) due to the applications for which they 
are intended. The first, made of carbon, is spherical, 
as it is used to measure the gamma-ray dose coming 
from all directions within a circular “picket fence” co- 
balt 60 source. The other, made of aluminum, is cylin- 
drical, as it is irradiated axially with X-rays. 

The calorimeters consist essentially of a small inner 
core, in which the temperature rise (about 3 °C with 
the doses measured) resulting from the absorption of 
radiation is measured, and a surrounding shield of the 
same material that is kept as close as possible to the 


AUTOMATIC COMPUTATION OF 


A COMPUTER program for the computation of 
eigenvalues and eigenfunctions for neutrons in real 
potential wells has been developed at the Bureau. The 
real (i.e., no complex numbers involved in theoretical 
description) potential well under consideration repre- 
sents the average force of all the other particles in the 
nucleus upon the one neutron under consideration. The 
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temperature of the core to reduce heat transfer. The 
carbon calorimeter is mounted in Styrofoam and, dur- 
ing measurements, is contained within a metal can that 
is evacuated to reduce heat transfer further. The 
aluminum calorimeter is mounted in an evacuated 
aluminum block during use. 

The cores are made of halves cemented together 
with a film of epoxy resin containing carbon black. 
This binder not only holds the core together but, since 
it is electrically conducting, serves as a core heating 
element as well. Known amounts of electrical energy 
are passed into the cores to establish their thermal 
response to energy. ‘Two thermocouples are held in 
small holes in the core with epoxy resin—one to indi- 
cate the core temperature and the other to help deter- 
mine the core-shield temperature difference. 

The shields are made in two pieces which fit tightly 
together around thc core, the separation between core 
and shield being quite small. Polystyrene spacers be- 
tween the core and shield keep these pieces in the 
proper relative position. The shields are wound with 
closely and evenly spaced heater wires which permit 
the adjustment of their temperature to coincide with 
that of the core. 

A single thermocouple is fastened to the inner sur- 
face of the shield... This thermocouple, in a circuit with 
one of those attached to the core, is used to determine 
the core-shield temperature difference. In the carbon 
calorimeter the current supplied to the shield heater is 
adjusted by an operator in response to an indication of 
this temperature difference; provisions were made in 
the aluminum calorimeter to regulate the heating 
automatically. 

The precision of these calorimeters is indicated by 
the results of a number of electrical calibrations, which 
give a standard deviation of mean sensitivity of the 
graphite chamber of 0.14 percent and of the aluminum, 
0.5 percent. A comparison was made between the dose 
rate calculated from an ionization measurement and 
that actually measured with the carbon calorimeter. 
Here, the difference between the two results was 0.7 
percent. 


*The construction of calorimeters for the measure- 
ment of absorbed dose, by Ben Petree and George Ward, 
NBS Tech. Note 163, available from the Superintendent 
of Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C. Price 25 cents. 


EIGENVALUES 
IN REAL POTENTIAL WELLS 


computations are useful in providing input information 
for calculations of the structure of nuclei by means of 
a nuclear shell model. 

Nuclear shell model calculations have until now em- 
ployed harmonic oscillator wave functions almost ex- 
clusively in evaluating the energies of both the bound 
states and those states which actually belong to the con- 
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Eigenvalues and the first three eigenfunctions for orbital 
angular momentum equal to zero in a Woods-Saxon 
potential well. The parameters of the well are well 
depth =—50 Mev; radius =—3.15 fermis; diffuseness 
parameter =—0.650 fermis; spin-orbit term is 35 times 
the Thomas term. The shape of the well shown is for 
orbital angular momentum equal to zero. During the 
survey procedure, the maximum radius is given by the 
heavy black line, the edge of the well for bound states, 
and 6.0 fermis for continuum states. 


tinuum. However, the character of the wave functions 
for the bound states is quite different from that of the 
true wave functions for the continuum or scattering 
states, so that errors are introduced. A treatment of the 
continuum states therefore requires more accurate func- 
tions than those of the harmonic oscillator representa- 
tion. 

The computer program,’ originated by R. S. Caswell 
of the neuton physics laboratory, uses a systematic 
search procedure to find approximate eigenvalue loca- 
tions and an automatic search procedure to determine 
exact locations. The calculations are made for a par- 
ticular potential well (Woods-Saxon) with established 
boundary conditions, but the code may be easily modi- 
fied for use with other well shapes. 

In the systematic search procedure, the energy range 
of interest is scanned for the case of a simplified well 
to find approximate eigenvalue locations. An ap- 
proximate eigenvalue is then assumed and the auto- 
matic search procedure is started. Wave functions are 
integrated out in radius and matched to asymptotic 
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solutions outside the nuclear surface. Successive im- 
proved values for the energy level locations are tested 
and evaluated by the difference between the inside and 
outside wave functions. 

When the correct eigenvalue is determined, the wave 
function versus radius is printed. Eigenvalue ac- 
curacy obtained by this method is much better than is 
required by present knowledge of potential well shapes 
and depths. 


*A Fortran code for calculation of eigenvalues and 
eigenfunctions in real potential wells, by Randall S. 
Caswell, NBS Tech. Note 159 (1962). For sale by the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington 25, D.C. Price 25 cents. 


Course in Electromagnetic Measurements and Standards 


AN INTENSIVE, 3-week, graduate-level course in 
Electromagnetic Measurements and Standards will be 
offered July 22 to August 9, 1963, by the Graduate 
School of the Bureau in association with the University 
of Colorado. 

Highest level performance and exacting operation of 
complex systems in aerospace, military defense, atomic 
energy, and communications cannot be achieved with- 
out the establishment of precise, accurate, and uniform 
measurements. This course will assist technical super- 
visors of standards and measurements laboratories, 
practicing engineers, and university faculty and gradu- 
ate students who are concerned with the field of radio 
science to meet responsibilities for such measurement. 

Major areas of study will be: (1) A brief review of 
basic electromagnetic and circuit theory; (2) principles 
of the measurement system of science including its 
basis, structure, terminology, and uncertainties; (3) 
measurement of essential quantities in the special areas 
of low, high, and microwave frequencies; (4) topics 
important at all frequencies such as frequency stand- 
ards (e.g., atomic beams), power, noise, attenuation, 
electromagnetic properties of materials, and foreseeable 
needs in frontier areas such as millimeter waves, plas- 
mas, and quantum electronics. There will be more than 
50 lectures in all and these will be supplemented by 
regularly scheduled informal discussions conducted by 
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all lecturers within a particular topic group. 

These presentations will be at the frontiers of de- 
velopment and will be given by specialists who, in most 
cases, are authorities in their fields. Emphasis will be 
upon the present state of the art with some considera- 
tion of future needs. 

Prerequisites: a bachelor’s degree in electrical engi- 
neering, physics, or other suitable academic or practical 
experience which is judged equivalent by the Registrar. 

Tuition: approximately $350 (with a slight addi- 
tional charge for those desiring graduate credit). 

Graduate credit: Upon satisfactory completion of the 
course, three semester-hours’ credit may be earned 
through the Department of Electrical Engineering at 
the University of Colorado. Students registering for 
credit must submit solutions to the problems assigned 
throughout the course and must plan to remain an ad- 
ditional half day to write’a final examination. In addi- 
tion to the tuition charge, these students will be required 
to pay a $15 registration fee to cover expenses at the 
University of Colorado. 

Registration: Will be limited and early application 
should be made to insure consideration. Registration 
will be closed July 1, 1963. Further details and regis- 
tration forms are available from: Edmund H. Brown, 
Education Director, Boulder Laboratories, National 
Bureau of Standards, Boulder, Colo. 
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Left: Photomicrographs of crystal surfaces after exposure to molten 
sodium chloride. (1) Electron micrograph of a negative Parlodion replica 
shows a portion of a cell-like network that developed as ridges on a silver 
single crystal. The width of ridge is 2 to3 ». (2 & 3) Two views of a 
{111} crystal surface that had been exposed to the melt at 900 °C for 4 
days: (2) exposed to the hot end of the gradient, and (3) to the cold end. 
(4) Electron micrograph of pit and hillock formations observed on the 
{100} crystal surface exposed for 24 hr at 900 °C. 


Thermal gradient produces the most pronounced effect on the corrosion 
of silver single crystals in sodium chloride. Top: crystal and wire holder 
exposed in an alumina crucible at 900 °C for 4 days. Dendritic crystals 
grew on the wire at the cold end of the thermal gradient. Above: crystal 
and holder exposed at 900 °C in a silver crucible for 15 hr. Crystals 
formed over the entire assembly. Gradient existed between the assembly 
and the crucible wall. Below: Faceted crystals deposited on three different 
crystallographic planes of a silver single crystal exposed for 15 hr. The 
orientation of the crystals shows an epitaxial relationship to the various 
planes on which they grew. 
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Corrosion of Silver Single Crystals 
in Molten Salts 3 


TO OBTAIN basic data on metal corrosion by molten 
salts, Jerome Kruger and Kurt H. Stern of the metal 
reactions laboratory recently exposed silver single 
crystals to fused sodium chloride under a variety of 
experimental conditions. The most pronounced effect 
observed was the influence of a thermal gradient on 
etching and deposition processes occurring on the crys- 
tal surface." 

Molten salts, which are inexpensive and generally 
have high heat capacity, high thermal conductance, and 
low vapor pressure, are potentially useful in nuclear 
reactor applications, especially as a fuel or coolant, or 
as media for nuclear fuel processing. However, salts 
are highly corrosive to metallic container materials and 
corroded parts in molten salt systems are not easily 
repaired. The present research was therefore under- 
taken to gain a better understanding of the reactions 
involved in such corrosion, particularly to determine 
whether the rate of reaction varied on different crystal- 
lographic planes. 

Several single crystals of silver in the form of 34-in.- 
diam spheres were grown in graphite molds for the 
experiments. Flat surfaces parallel to the {100}, 
{110}, and {111} crystallographic planes were ground 
at appropriate sites on each sphere and, in addition, a 
surface parallel to the {211} plane was ground on one 
of the spheres. Each crystal was mounted in a silver 
holder and immersed in a crucible containing sodium 
chloride. The crucible was then heated in a furnace to 
900 °C and held at that temperature for the duration 
of the exposure period. Most of the exposures were 
carried out in the presence of air, in either alumina or 
silver crucibles. 

In the experimental arrangement in which an alumina 
crucible was used, a silver wire, which was part of the 
crystal holder, extended up out of the molten salt into 
the air. Thus a thermal gradient existed between the 
crystal at the bottom of the crucible and the top of the 
wire at the air-salt interface. When the crystal as- 
sembly was removed from the melt after 4 days of 
exposure, profuse dendritic deposits were found on the 
wire near the interface (the coolest part of the system), 
while the crystal itself and its various plane surfaces 
appeared quite smooth. 

In the experimental arrangement in which a silver 
crucible was used, the thermal gradient existed between 
the crystal with its holder and the heated wall of the 
crucible. When this assembly was removed from the 
melt after 15 hr of exposure, it was covered with den- 
drites and small faceted crystals had deposited on the 
crystal itself. The orientation of the faceted crystals 
varied according to the crystallographic planes on which 
they grew. Silver dissolved at the higher temperature 
end of the gradient and deposited at the lower tem- 
perature end. This result is attributed to shifts in 
equilibria with increasing temperature, as proposed 
earlier by Stern.2 Such shifts apparently produce silver 
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ions which form the corrosion product. 

Microscopic examination showed subgrain bound- 
aries delineated in a cell-like network on the various 
plane surfaces of crystals exposed under both experi- 
mental arrangements; so negative Parlodion replicas 
were made of these surfaces for more detailed study 
with an electron microscope. Photomicrographs thus 
obtained showed that the boundaries were ridges pro- 
jecting from the specimen surfaces. Studies with an 
electron probe microanalyzer disclosed that the bound- 
aries contained iron impurities, and that little, if any, 
detectable iron was present in the cell interiors. Since 
the experiments were carried out in the presence of air, 
impurities in the silver apparently oxidized to the oxides 
stable at 900 °C, and ferric oxide—which is nearly 
insoluble in molten salt—remained in the crystal as the 
silver dissolved. 

Besides the subgrain boundaries on the crystal sur- 
face, small hillocks were also observed with the electron 
microscope. The number of these hillocks occurring 
per unit area was affected by the position of the crystal 
in the thermal gradient, with more hillocks forming at 
the cooler than at the hotter end. 

Other investigators have reported * that mass trans- 
fer of silver in fused chloride melts occurs only when 
there is a metallic connection between the hot and cold 
ends of athermal gradient. They suggest that a thermo- 
cell mechanism is involved in such transfer. However, 
in the present experiments, when the gradient existed 
between the crucible and specimen, the two were not 
connected, yet mass transfer occurred. Thus it appears 
that shifts in equilibria rather than a thermocell 
mechanism may cause silver to dissolve at higher and 
deposit at lower temperatures. 

In another experimental arrangement, the thermal 
gradient was eliminated by the use of a muffle furnace as 
the heating unit. In this environment, no mass trans- 
fer of silver occurred for 24-hr exposure periods. 
When the surface of the exposed silver crystal was 
studied with the electron microscope, square pits and 
spirals were observed on some of the planes studied. 
The pits formed at imperfect sites, for example, at dis- 
locations in the crystal lattice. Pits were found on the 
{100} surfaces; some pits and steps appeared on the 
{111}, but none on the {110} and {211} surfaces. 
Such findings indicate that, in the absence of a thermal 
gradient, dislocations and the crystallographic orienta- 
tions may affect the corrosion behavior. 


*For further technical details, see Surface behavior 
of silver single crystals in fused sodium chloride, by 
Jerome Kruger and Kurt H. Stern, J. Electrochem. Soc. 
109, 889-894 (1962). 

? Oxidation of metals in molten salts. Silver in sodium 
chloride, by Kurt H. Stern, J. Phys. Chem. 66, 1311- 
1317 (1962) ; also, Oxidation of metals in molten salts, 
NBS Tech. News Bull. 47, No.2 (1963). 

’ Mass transfer of metals in fused-chloride melts, 
by C. Edeleanu and J. G. Gibson, J. Inst. Metals 88, 
321 (1960). 
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This Natiorral Bureau of Standards 
chart is a compilation of elementary 
data in the form of a periodic table. 
The chart gives the different crystal 
lattice structures and the applicable 
transformation temperatures of the 
metallurgical elements up to their 
melting points. Such data, of par- 
ticular interest to metallurgists, are 
not included in the more conventional 
type of periodic table of the elements. 

The transformation temperatures 
shown are for solid-to-solid transi- 
tions. It is known that extensive 
solid solubility of two or more metals 
is most likely if the metals have match- 
ing or related crystal structures, to- 
gether with similar atomic radii and 
comparable electronic configurations. 
Thus, with this chart, certain alloying 
characteristics of the metallurgical ele- 
ments may be postulated, and experi- 
mental alloying to develop improved 
materials may be facilitated. 

The data used in the chart have been 
selected from authoritative sources 
and are the most recent available at 
the time of compilation. The atomic 
weights, for example, are those adopted 
by the International Union of Pure and 
Applied Chemistry in 1961. These 
weights are based on the assigned 
atomic mass (12) of the principal car- 
bon isotope which was chosen to super- 
sede the oxygen isotope (mass 16) 
previously used. 

The upper and lower case designa- 
tions that are employed to specify 
crystal lattice structures follow a 1961 
proposal of the Committee on Metal- 
lography of the American Society for 
Testing and Materials (ASTM), now 
published as ASTM Recommendation 
E157-61T. A numerical prefix is also 
used to show the number of atoms 
per unit cell of a particular crystal 
lattice structure. With this system, 
arbitrary Greek symbols previously 
employed to identify various alloying 
phases are eliminated and rapid com- 
parison of relevant crystal structures 
may be made. 

Hydrogen, nitrogen, and oxygen are 
shown in the chart because of the 
known effects of these elements upon 
certain metals, particularly iron and 
titanium. The halogens and_ inert 
gases have been excluded since they 
are not usually significant in metal- 
lurgical reactions. A logical arrange- 
ment is provided with the A-group ele- 
ments listed on the left and the B- 
group elements on the right of the 
central VIII group. 


Hafnium and Zirconium 
Quantitatively Analyzed 


A METHOD for quantitatively analyzing hafnium 
and zirconium 1—two chemically similar elements—has 
been developed at the Bureau. The method was de- 
signed by L. A. Machlan and J. L. Hague of the stand- 
ard reference materials laboratory to facilitate the use 
of these two elements in nuclear reactor construction. 
For many purposes hafnium and zirconium can be con- 
sidered as one constituent, but differences in their nu- 
clear properties require knowledge of the relative 
amounts present for reactor applications. 


L. A. Machlan introduces a solution containing hafnium 
and zirconium into an anion-exchange resin column. 
Compounds of each element are held by resin particles 
with varying affinity, thus allowing an otherwise difficult 
separation of hafnium from zirconium. The overhead 
bottles, connected to the columns with polyethylene 
tubes, contain eluting solutions. 
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Hafnium is found only in the presence of zirconium, 
usually in zircon ore, and the two elements react with 
other materials to form compounds that are difficult to 
separate by usual chemical means. In previous Bureau 
work,” a separation was accomplished by dissolving 
hafnium-zirconium metal or oxide specimens in hydro- 
fluoric and sulfuric acids, then fuming off the hydro- 
fluoric acid. After dilution with water, the solution 
was introduced into an anion-exchange resin column. 
As the solution flowed through the column, hafnium 
was separated from zirconium. The present work was 
undertaken to apply this separation technique to metal 
and oxide samples of various hafnium-zirconium ratios. 

Solutions of hafnium and zirconium were collected 
separately from the column, and hydrochloric acid was 
added to each. The solutions were cooled, cupferron 
reagent was. added to the specimens, and _ the 
precipitates thus formed were allowed to settle. The 
precipitates were subsequently filtered, washed, and 


Anion-exchange resin columns set up as semi-permanent 
system. Approximately 12 hr are required for sepa- 
rating half-gram mixtures of hafnium and zirconium in 
this apparatus. 
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quantitatively transferred to platinum crucibles. The 
residues were dried at a low temperature, then ignited to 
constant weight at a high temperature to form hafnium 
or zirconium dioxides. Stoichiometric calculations 
were employed to determine the percent hafnium or 
zirconium present in the original specimens. 

To determine the accuracy of this procedure, speci- 
mens of hafnium dioxide and zirconium dioxide were 
checked for purity by spectrographic means, then mixed 
to provide samples of known composition. Accuracy 
of between.2 and 5 parts per thousand was obtained on 
these samples. 

With this method, separation and quantitative analy- 
sis of half-gram samples of material containing up to 
20 percent zirconium could be made in approximately 
three days. Additional time was required for analyzing 


a sample containing between 20 and 80 percent zir- 
conium. In concentrations higher than 80 percent 
zirconium, the metals tended to form chemical com- 
plexes which prevented quantitative analysis. Work 
is now under way to solve this problem, as part of a 
Bureau program to separate and analyze elements of 
the refractory metals group. 


*Separation of hafnium from zirconium and_ their 
determination: separation by anion-exchange, by L. A. 
Machlan and J. L. Hague, J. Research NBS 66A 
(Phys. & Chem.) No. 6 (Nov.—Dec. 1962). 

*Separation of hafnium from zirconium by anion 
exchange, J. L. Hague and L. A. Machlan, J. Research 
NBS 65A (Phys. & Chem.) No. 1, 75 (Jan—Feb. 
1961); and Separation of hafnium from zirconium, 
NBS Tech. News Bull. 45, 137 (Aug. 1961). 


Accurate Reference Angle Developed 


A REFERENCE ANGLE accurate to 0.02 sec of arc, 
and reproducible in exact duplicates as a mirror image, 
has been developed by J. B. Saunders of the engineer- 
ing metrology laboratory. This multiple reference,' 
formed by placing two plane mirrors to face one an- 
other and form a wedge, represents a considerable im- 
provement over conventional interferometric angular 
references in both accuracy and convenience of use. 

The usual interferometric reference angle * is formed 
by placing one rectangular mirror on top of another, 
crossed so as to form an X with the long arms horizon- 
tal. This reference is attached to the surface to be 
calibrated, and positioned so that light reflected from 
one of the mirrors forms a fringe pattern in an inter- 
ferometer. The surface is then rotated until a similar 
pattern results from light reflected by the second mir- 
ror, the rotation being equal to the known angle be- 
tween the mirrors. After each increment of rotation, 
however, the reference mirrors must be reset to permit 
a new measurement, and thus a relatively large cumu- 
lative error could occur. 

In the arrangement used by the Bureau—two plane 
mirrors facing each other and forming a wedge—exact 
duplicates of the included angle appear as images in 
both mirrors. As each image serves as a reference for 
the calibration of a circle, the number of times the 
wedge must be repositioned is considerably reduced, 
and the cumulative error is correspondingly smaller. 

To determine the angle between the two mirrors, an 
interferometer may be used in which light enters the 
wedge parallel to a bisector of the angle, and is reflected 
back and forth between the mirrors. At each reflec- 
tion the angle of incidence is reduced by the angle be- 
tween the mirrors, until the light is normal to one of 
the surfaces. It then retraces the same path back 
through the optics, recombining with light from a sec- 
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ond arm of the interferometer. If the two sets of 
fringes (formed by light incident on each mirror of the 
wedge) are parallel, the angle is a precise subdivision 
of 180°. The approximate value of the angle can be 
determined by conventional means. If the fringes are 
not parallel, calculations based on the length of the 
mirrors, deviation of the fringes, and wavelength of the 
light will give the value. 

Once the angle between the mirrors is accurately 
known, the wedge can be used to calibrate a circle. 
For example, the wedge could be mounted on the sur- 
face to be calibrated and positioned to receive light 
from a Kosters prism.* After an original condition of 
interference is established, interference will result, with- 
in the limits of the aperture of the wedge, at each angle 
of incidence that is a multiple of the included angle. 
This process can be repeated in either direction permit- 
ting, with, say, a 20-deg angle between the mirrors, 
calibration of a complete circle with but two resettings. 
An error of adjustment of one-tenth of a fringe will 
result, with 6-in. mirrors and a 2-in. aperture interfe- 
rometer, in an error of 0.02 sec of arc. 

The aperture limits the useful range of this device, 
but included angles as small as 2 deg can be utilized. 
The aperture at such small values can be increased by 
separating the mirrors—placing them at the desired 
angle but not meeting at the vertex. 


‘Suggested arrangement of mirrors to form multiple 
reference angles, by J. B. Saunders, J. Opt. Soc. Am. 
51, 859 (Aug. 1961). 

* An introduction to interferometry, Thomas O’Don- 
nell, American Machinist, Spec. Rept. 490, 143 (June 
1960). 

* Construction of a Koésters double-image prism, J. B. 
Saunders, J. Research NBS 58, 21 (Jan. 1957). 
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THE, ACCURATE determination of length is a re- 
quirement in many scientific experiments and in al- 
most all phases of manufacture. To promote accuracy 
and uniformity in length measurements, the Bureau 
provides calibration services for both end standards 
and line standards.1_ The accuracies available at the 
Bureau in the calibration of certain devices used in 
length measurement are presented in the accompanying 
chart.” 

In the chart solid lines depict present capabilities; 
dashed lines show the projected goals of current re- 
search programs. Accuracies in the chart are ex- 
pressed at the 99-percent confidence level (3- “sigma 
limits) in ratio to the length measured, plotted against 
length in inches. 

At the top of the chart is shown the accuracy, in air, 
of the international standard of length—the wavelength 
of the orange-red line of krypton 86. End standards 
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such as gage blocks * are often calibrated in terms of the 
wavelength scale. (When less accuracy is required, 
the Bureau calibrates gage blocks with an electro- 
mechanical comparator rather than with light waves.) 

Demands for greater accuracy in the calibration of 
gage blocks are being met by research on a variety of 
fronts. As gage blocks themselves exhibit dimensional 
instabilities, a continuing program to develop more 
stable blocks is in progress. Blocks having a dimen- 
sional change of no more than | part in 10 million per 
year have been developed, and an interferometer capa- 
ble of determining length to this accuracy is nearing 
completion. At such accuracies even variations in the 
thickness of the wringing film between blocks, or be- 
tween block and optical surface, will constitute an ap- 
preciable error, and a technique known as frustrated 
total reflection’ is being studied in connection with 
the measurement of film thickness (curve at lower left) . 


This chart, one of a series on measure- 
ment prepared by the Bureau, depicts 
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Other advances in interferometry currently under de- 
velopment include an automatic fringe-counting device, 
a refractometer to determine the effect of the atmos- 
phere on the wavelength scale, and the use of a helium- 
neon laser to provide light of greater coherence than 
is available from krypton 86. 

The Bureau calibrates several types of line stand- 
ards.“ These include X- and H-shaped bars (noted 
as line standards on the chart) and steel and Invar 
(geodetic) tapes. Bar-type standards are calibrated 
by comparison with NBS standards, through the use of a 
longitudinal comparator with which observers can read 
to an uncertainty of 4 yin. 

The NBS 5-m bar has been used to accurately locate 
the micrometer microscopes of a 50-m geodetic com- 
parator. This comparator is used in the calibration of 
geodetic tapes, which are made of Invar to minimize 
thermal effects. The geodetic comparator has also 
been used to calibrate a master steel tape, which in turn 
was used to calibrate a steel tape bench. This 200-ft- 
long bench, consisting of interlocking stainless steel 
sections, is used in the calibration of steel tapes. Such 
tapes are calibrated with a lower accuracy than geodetic 


CRYSTAL STUDIES 


tapes because of the greater expansion coefficient of 
steel. The accuracy of some line-standard calibrations 
would be increased if the comparisons were made with 
the wavelength scale, and work is in progress to permit 
such calibrations. 


See Test fee schedules of the National Bureau of 
Standards, available from the Office of Technical In- 
formation, National Bureau of Standards, Washington 
205 DC: 

’For further information, see Length and mass cali- 
bration at NBS, presented by T. R. Young at the August 
1962 meeting of the National Conference of Standards 
Laboratories, the proceedings of which are to be pub- 
lished by NBS. 

* Calibration of gage blocks, NBS Tech. News Bull. 45, 
26 (Feb. 1961). 

“Extremely stable gage blocks for precision measure- 
ments, VBS Tech. News Bull. 44, 82 (May 1960). 

* Frustrated total reflection—its application to prox- 
imity problems in metrology, NBS Tech. News Bull. 
45, 110 (July 1961). 

° Calibration of line standards of length and measur- 
ing tapes at the National Bureau of Standards, Lewis V. 
Judson, NBS Mono. 15, available from Superintendant 
of Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., 15 cents. 


by Electron Field Emission 


ELECTRON FIELD emission was recently used at 
the Bureau to study the growth of potassium and mer- 
cury single-crystal “whiskers” from the vapor phase. 
The work was conducted by R. L. Parker and S. C. 
Hardy of the metal physics laboratory as a part of a 
program to develop fundamental information on the 
crystallization process in metals... The potassium ex- 
periments demonstrate the feasibility of using an alkali 
metal as a field emitter, and most of the data from the 
mercury experiments agree with those obtained by 
other investigators.” 

When a metal surface is subjected to an electrostatic 
field of from 0.3 to 0.6 v/A, the potential energy bar- 
rier at the surface is lowered sufficiently to permit elec- 
trons to leak through. To obtain such high fields, an 
extremely sharp emitter, which is also strong enough to 
withstand electrostatic stresses up to 10° dynes/cm’*, 
must be used. Hence whiskers grown from the vapor 
phase frequently have the two basic requirements of 
electron field emitters; they are often only 100 to 1000 
A in diameter, and they have very high strength. 

In field emission microscopy, the electrons which 
leave the tip of a metal whisker impinge on a fluores- 
cent screen to form an enlarged image of the emitter 
tip. The electrostatic field required depends on the 
work function of the emitting surface; that is, the mini- 
mum energy necessary to remove an electron from the 
tip. This work function is determined by the atomic 
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Field emission tube used to grow metal whiskers which 
serve as the emitter. A, tungsten substrate for whisker 
growth; B, vapor source; C, getter filament; D, high- 
voltage lead; E, electric lead from fluorescent screen; F, 
fluorescent screen; G, sealoff tip of tube. 
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A typical “appearance” voltage versus time curve ob- 
tained in recent studies of the growth of potassium 
whiskers from the vapor phase. The whiskers were 
grown in an electron field emission tube under a pres- 
sure of 4.310 mm and at a temperature of 77 °K. 
The voltage required to obtain a pattern on the screen of 
the tube decreased in proportion to whisker growth, so 
that whisker length could be determined at specific time 
intervals. The terminal length, as indicated here, is 
achieved at about 420 sec. 


arrangement in the emitting surface, with the most 
close-packed planes having the highest work function 
and emitting the least. Thus the screen patterns ob- 
tained show dark areas for high-work-function planes 
and light areas for low-work-function planes. From 
these patterns the planes corresponding to the symme- 
try of the pattern are identified and the orientation of 
the crystal is determined. 

The spherical field emission tube used for the experi- 
ments (see illustration), approximately 15 cm in diam- 
eter and made of Pyrex, was partially coated on the 
inside with an optically transparent conducting layer, 
and phosphor was then deposited to form the screen. 
An external electric lead to the screen was sealed off 
at the side of the tube. A “cold finger,” sealed into 
the neck of the tube and extending halfway inside, con- 
tained a conducting substrate made of tungsten rod. 
This rod extended through the lower wall of the finger 
in a horizontal position, so that the end protruding into 
the tube faced the screen. This end of the rod provided 
a surface on which a whisker could grow from the 
vapor phase. The other end of the rod, inside the fin- 
ger, served as a terminal for a second electric lead. 

The tube was prepared for crystal growth by attach- 
ing it through a Pyrex distillation train to a bakable, 
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A V-t curve obtained in field emission studies of a potas- 
sium whisker. At t=65 sec, the whisker was exposed for 
10 sec to a light source while the electrostatic field was 
maintained at the value indicated by the horizontal bar. 
The light apparently caused a sudden drop in the curve. 
The dotted lines show theoretically derived curves. 


zeolite-trapped, ultra-high-vacuum system. About a 
gram of the metal under study was distilled three times 
in a residual vacuum of 10-° to 10-*° mm Hg, then dis- 
tilled directly into an extension at the bottom of the 
tube, after which the tube was sealed off. 

In the experiments the tube was submerged in a 
temperature-controlled liquid bath. The substrate was 
held at a lower temperature by liquid nitrogen, dry ice- 
acetone, or by circulating oil in the cold finger. Thus 
the vapor in the tube became supersaturated and, after 
an induction period, a whisker started to grow hori- 
zontally on the end of the tungsten rod facing the 
screen. The voltage required to obtain a pattern on 
the screen decreased in proportion to whisker growth, 
so that the length of the whisker could be determined 
at specific time intervals. (See graph, above left, 
which presents a typical voltage-time curve for a po- 
tassium whisker. ) 

Experimental results obtained at different tempera- 
tures and for a number of specimens showed that mer- 
cury and potassium whiskers at first grow exponentially 
with time and that growth usually stops when a certain 
terminal length is reached. This behavior is in agree- 
ment with the theory which visualizes growth as taking 
place by the surface diffusion of atoms absorbed on 
the whisker from the vapor. These atoms then move 
over the whisker sides to the tip where they are built 
into the step provided by an emergent axial screw dis- 
location. In the potassium experiments, rather low 
surface self-diffusion parameters were obtained; how- 
ever, similar experiments with mercury whiskers gave 
values that agreed with theory. 

Some interesting effects were observed in the potas- 
sium experiments. For reasons which are not yet 
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clear, the patterns generally did not show symmetrically 
arranged dark and light areas. Instead, bright circular 
patches appeared, showing continual motion of the 
surface. This motion could be stopped by reducing 
vapor pressure. Occasionally clear regions of low 
emission momentarily appeared, and on these occasions 
both threefold and fourfold symmetry were observed. 

When one voltage-time (V-t) curve (see graph, 
p. 50, right) was obtained for a potassium whisker, 
the whisker was exposed for a brief period to a light 
source while the field was kept on at a slightly lower 
value. A sudden drop occurred in the V-¢ curve during 
exposure both to infrared filtered light and to white 


light. The same effect could not be obtained with 
mercury whiskers. Other effects with potassium whisk- 
ers involving light and field were noted, but their inter- 
pretation is not certain. They are possibly related to 
sputtering in which ion bombardment pits the tip sur- 
face, causing local depressions and elevations. 


' For further technical details, see Vapor phase growth 
kinetics of potassium whiskers by field emission, by R. L. 
Parker and S. C. Hardy, J. Chem. Phys. 37, 1606 (1962). 

* Field emission from mercury whiskers, by R. Gomer, 
J. Chem. Phys. 28, 457 (1958); Field emission from 
whiskers, by A. J. Melmed and R. Gomer, J. Chem. 
Phys. 34, 1802 (1961). 


Research Highlights—1962 


Research Highlights reviews the Bureau’s activities 
in developing, maintaining, and extending the Nation’s 
standards of physical measurement, and in investigating 
the physical constants and the basic properties of ma- 
terials. It also gives highlights in the areas of the 
Bureau’s special missions and responsibilities, includ- 
ing radio propagation, cryogenics, building research, 
and data processing. Research Highlights is directed 
toward research and industrial management, as well 
as to engineers and scientists. 

Typical reports in Research Highlights are on— 

—establishment at the Bureau of a gear metrology 
laboratory—believed to be the first of its kind in the 
country—to provide measurement standards in this 
important area; 
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—development of methods for measuring the diame- 
ters of master spheres up to 3 in. in diameter with an 
accuracy of two-millionths of an inch; 

—development of an ultrasonic thermometer for use 
as a primary standard instrument in the 1.5 to 20 °K 
range; 

—the second suborbital flight of the instrument 
package for the proposed “Topside Sounder” satellite, 
confirming its potential value as an important new 
source of information about the ionosphere; 

—new value for the atomic weight of chlorine; 

—direct visual observations of phase transitions in 
materials under pressures of more than a million 
pounds per square inch; and 

—establishment of the Joint Institute for Laboratory 
Astrophysics (JILA) by NBS and the University of 
Colorado. 

Additional features include: a report on the wide 
NBS cooperation with Federal, State, and local govern- 
ment agencies and with national professional societies 
and standardization groups, including the National 
Conference of Standards Laboratories. Bureau-indus- 
try cooperation includes the Research Associate Plan, 
conducted in collaboration with industrial and profes- 
sional groups. On an international basis, the Bureau 
represents the interests of the Government and Ameri- 
can sciences in matters dealing with the establishment 
and maintenance of standards, and the establishment 
of values for physical constants. It works through a 
large number of international groups, and frequently 
plays a major role in organizing international 
committees. 

A complete list of the Bureau’s publications for the 
fiscal year is also included. 

Research Highlights of the National Bureau of Stand- 
ards, Annual Report for fiscal 1962, National Bureau 
of Standards Miscellaneous Publication 246, issued 
December 1962, 217 pages, 70 cents. (Order from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington 25, D.C.) 

Note: Foreign remittances must be in U.S. exchange and should 


include an additional one-fourth of the publication price to 
cover mailing costs. 
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NBS Authors Contribute to Popular Science Texts 


G. C. Paffenbarger and W. k- Youden have contrib- 
uted to two science books aimed at the popular au- 
dience—high school students in particular. The books 
have been published in the “Vistas of Science” series 
published by the National Science Teachers Associa- 
tion. 

The Vistas of Science series seeks to satisfy the 
“insatiable demand for current, accurate scientific in- 
formation” created by the expanding frontiers of 
science, technology, and engineering. The books are 
aimed at the high school level, and not only provide 
basic information in the field but also give the student 
cuidelines for experiments and investigations which 
he can carry out himself. 

Dr. Paffenbarger, with Dr. Sholom Pearlman, secre- 
tary of the Council on Dental Research of the American 
Dental Association (ADA), has edited a new book— 
Frontiers of Dental Science. Dr. Paffenbarger is senior 
research associate of the ADA in the NBS dental lab- 
oratory. 

Frontiers in Dental Science is a collection of writings 
by a number of authors on various aspects of dental 
The field is approached from the point of 
view of the various sciences—physics, biophysics, chem- 


science. 


istry, etc., and then specialized technical topics, such as 
pharmacology and materials research, are added to this 
base. One article, on the use of tooth fluorescence as a 
tool for study of tooth material, was written by Dr. 
Alphonse F. Forziati and Mrs. Marion P. Kumpula, 
both of the NBS dental research laboratory. 

Experimentation and Measurement, by W. J. You- 
den of the applied mathematics laboratory, has passed 
the 100,000 sales mark in its first year. Dr. Youden’s 
book is a basic text on scientific measurement written 
from the mathematician’s point of view. 

Dr. Youden explains “laws of measurement” which 
are just as fascinating as the familiar laws of science. 
These laws help to recognize, understand, and remove 
sources of error in experimental measurements. By 
performing the outlined experiments and making the 
measurements required by them, the young reader gains 
an immediate appreciation of the role and problems of 
the measurement scientist. 

Frontiers of Dental Science and Experimentation and 
Measurement are available at 50 cents each from 
Scholastic Book Services, 33 West 42d Street, New 
York 36, N.Y. 


DURING 1963 the standard frequency broadcasts 
of the Bureau’s stations WWV, WWVH, WWVL, 
and WWVB will continue to be offset from Ephem- 
eris Time by 13 parts in 1 billion. This offset— 
which follows the current recommendation of the 
International Bureau of Time, Paris, France—is so 
slight that it cannot be detected by ordinary radio 
receivers. However, it could be significant to labora- 
tories and industries making highly precise time or 
frequency measurements. 

The standard frequency and time signals broad- 
cast by NBS are regulated by cesium atomic stand- 
ards. The cesium atoms “tick” 9,192,631,770 times 
during an ephemeris second, which is the interna- 
tional basis for scientific time. A time scale, UT2, 
on which we base the time of day, is determined by 
the period of the earth’s rotation on its axis, which 
we subdivide into hours, minutes, and seconds. As 
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the period of the earth’s rotation is not constant— 
in fact, varies from day to day—the length of the 
second as given by the atomic standards does not 
exactly coincide with the second determined from 
the earth’s rotation. Therefore, the broadcast sig- 
nals are offset from the scientific scale as much as is 
necessary to keep them in close agreement with UT2. 

During 1962 the International Bureau of Time 
consulted observatories throughout the world and 
compared astronomical and atomic measurements 
of time. From these data the average variation from 
Ephemeris Time expected in the speed of the earth’s 
rotation during 1963 was determined. Their find- 
ings indicate a difference of about 13 parts in a bil- 
lion—the same value as was used in 1962. Thus, 
the correct frequency on the ephemeris scale can be 
determined by adding 13 parts in a billion to the 
frequency signal as received. 
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Publications of the National Bureau of Standards 


Periodicals 


Technical News Bulletin, Vol. 47, No. 2, February 1963. 15 
cents. Annual subscription: $1.50, 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscrip- 
tion basis. 

CRPL Ionospheric Predictions for May 1963. Three months in 
advance. Number 2, issued February 1963. 15 cents. 
Annual subscription: $1.50, 50 cents additional for foreign 
mailing. Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. 

Section D. Radio Propagation. Issued six times a year. 
Annual subscription: Domestic, $4;- foreign, $4.75. 


Current Issues of the Journal of Research 


Section B. Mathematics and Mathematical Physics, vol. 67B, 

No. 1, Jan.—Mar. 1963 

Evaluation of a generalized elliptic-type integral. L. F. 
Epstein and J. H. Hubbell. 

An algorithm for obtaining an orthogonal set of individual 
degrees of freedom for error. J. M. Cameron. 

Recognition of completely mixed games. A. J. Goldman. 

A new type of computable inductor. C. H. Page. 

Numerical computation of the temporal development of cur- 

rents in a gas discharge tube. W. Borsch-Supan and H. 
Oser. 

Tables of genera of groups of linear fractional transforma- 
tions. H. Fell, M. Newman, and E. Ordman. 

Section C. Engineering and Instrumentation, Vol. 67C, No. 

1, Jan—Mar. 1963. 

Method for calibrating a standard volt box. B. L. Dunfee. 

Stability of residual thiosulfate in processed microfilm. C. I. 
Pope. 

Equipment for single crystal growth from aqueous solution. 
J. L. Torgesen, A. T. Horton, and C. P. Saylor. 

An automatic multichannel correlator. R. F. Brown, Jr. 

Elastic constant—porosity relations for polycrystalline 
thoria. S. Spinner, F. P. Knudsen, and L. Stone. 

An oxygen partial pressure warning instrument. L. Green- 
span. 

New fast-opening, large-aperture shutter for high-speed 
photography. E. C. Cassidy and D. H. Tsai. 

Equations for the radiofrequency magnetic permeameter. 
C. A. Hoer and A. L. Rasmussen. 


Nonperiodicals 


NBS viscometer calibrating liquids and capillary tube viscome- 
ters, R. C. Hardy, NBS Mono. 55 (Dec. 26, 1962), 20 cents. 
Equipment characteristics and their relation to system per- 

formance for tropospheric communication circuits, A. F. 
Barghausen, F. O. Guiraud, R. E. McGavin, S. Murahata, 
and R. W. Wilber, NBS Tech. Note 103 (Jan. 15, 1963), 

$1.00. 

The thermodynamic properties of nitrogen from 114 to 540° 
R between 1.0 and 3000 psia, Supplement A. (British units), 
T. R. Strobridge, NBS Tech. Note 129A (Feb. 1963), 50 
cents. 


March 1963 


The construction of calorimeters for the measurement of ab- 
sorbed dose, B. Petree and G. Ward, NBS Tech. Note 163 
(Nov. 1962), 25 cents. 

Fading correlation bandwidth and short-term frequency sta- 
bility measurements on a high-frequency transauroral path, 


J. L. Auterman, NBS Tech. Note 165 (Oct. 1962), 40 cents. 


Publications in Other Journals 


This column lists all publications by the NBS staff, as 
soon after issuance as practical. For completeness, 
earlier references not previously reported may be in- 
cluded from time to time. 


Growth rates of potassium crystal from the vapor phase, R. L. 
Parker, J. Chem. Phys. 37, No. 8, 1600-1605 (Oct. 1962). 

Ranking laboratories by round-robin tests, W. J. Youden, 
Mater. Res. Std. 3, No. 1, 9-13 (Jan. 1963). 

The NBS photoelectric pyrometer of 1961, R. D. Lee, Book, 
Temperature, Its Measurement and Control in Science and 
Industry 3, Pt. 1, 507-515 (Reinhold Publ. Corp., New York, 
N.Y., 1962). 

The error rate in a multiple-frequency-shift system and the 
output signal/noise ratio in a frequency modulation and a 
pulse-code-modulation/frequency-shift system, H. Akima, 
Intern. Conf. Satellite Communication, pp. 305-310 (Nov. 
22-28, 1962). 

Heat transfer in intensively outgassed powders, R. C. Little, 
F. G. Carpenter, and V. R. Deitz, J. Chem. Phys. 37, No. 8, 
1896-1898 (Oct. 15, 1962). 

Rates of thermal degradation of organic polymers, S. L. Mador- 
sky, SPE J. 18, No. 12, 1482-1490 (Dec. 1962). 

Vacuum ultraviolet photochemistry. V. Photolysis of isobu- 
tane, H. Okabe and D. A. Becker, J. Am. Chem. Soc. 84, 
No. 21, 4004-4007 (1962). 

Traces of products of angular momentum matrices. II. Spheri- 
cal basis, E. Ambler, J. C. Eisenstein, and J. F. Schooley, 
J. Math. Phys. 3, No. 4, 760-771 (July—Aug. 1962). 

A study of stability of high temperature plantinum resistance 
thermometers, J. P. Evans and G. W. Burns, Book, Tempera- 
ture, Its Measurement and Control in Science and Industry 
3, Pt. 1, 313-318 (Reinhold Publ. Corp., New York, N.Y., 
1962). 

The present state of atomic spectra, C. M. Moore-Sitterly, 
Japan Anal. 11, No. 11, 1199-1202 (1962). 

Correlation factors for impurity diffusion-fcc lattice, J. R. 
Manning, Phys. Rev. 128, No. 5, 2169-2174 (Dec. 1962). 
A differential thermocouple voltmeter, J. E. Griffin and F. L. 
Hermach, AIEE Trans., Pt. I. Communications and Elec- 

tronics No. 63, Article No. 62-819, 338-344 (Nov. 1962). 

Color tests for antioxidants, E. J. Parks, L. T. Milliken, and 
F. J. Linnig, Rubber Age 92, No. 2, 257-261 (Nov. 1962). 

Cavitation problems in cryogenics, R. B. Jacobs and K. B. 
Martin, J. Basic Eng. 82, 756-757 (Sept. 1960). 

Experimental proof of the absence of equilibrium in a helium 
arc, A. T. Hattenburg and H. J. Kostkowski, Book, Tempera: 
ture, Its Measurement and Control in Science and Industry 
3, Pt. 1, 587-592 (Reinhold Publ. Corp., New York, N.Y., 
1962). 

Technical training in the weights and measures program, M. W. 
Jensen, Scale J. 49, No. 4, 4-5 (Jan. 1963); Southern 
Weights and Measures Program 14, No. 12, 2-5 (Dec. 1962). 

Corrosion rates of ferrous alloys (Fe, Cr, and Fe-Cr-Si) meas- 
ured by polarization techniques, W. J. Schwerdtfeger, Cor- 
rosion 19, No. 1, 17t-25t (Jan. 1963). 

Survey of U.S.A. ionospheric research 1957-1959, T. N. Gautier, 
(Triennium Report of U.S. Natl. Comm. IUGG), Trans. Am. 
Geophys. Union 41, No. 2, 232-236 (June 1960) . 
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OFFICIAL BUSINESS 


Publications (Continued) 


On the analysis of polarization rotation recordings of satellite 
radio signals, R. S. Lawrence and C. G. Little, Intern. Sci. 
Radio Union, IGY Comm. Some Ionospheric Results Ob- 
tained During the IGY; Proc. Symp. Organized by URSI/ 
AGI Comm. Brussels, Belgium, pp. 391-399 (Elsevier Publ. 
Co., Amsterdam, The Netherlands, 1960). 

Widely separated clocks with microsecond synchronization and 
independent distribution system, T. L. Davis and R. H. 
Doherty, IRE WESCON, Conv. Pt. 5, pp. 3-17 (1960). 

Dissociation constant of f-butylammonium ion and related 
thermodynamic quantities from 5 to 35°, H. B. Hetzer, R. A. 
Robinson, and R. G. Bates, J. Phys. Chem. 66, 2696 (1962). 

Memorial to Sir Ronald Aylmer Fisher: 1890-1962, W. J. You- 
den, J. Am. Stat. Assoc. 57, No. 300, 727-728 (Dec. 1962). 

Measurement of electron density and temperature in dense 
plasmas by application of line broadening theory, J. B. Schu- 
maker, Jr., and W. L. Wiese, Book, Temperature, Its Meas- 
urement and Control in Science and Industry 3, Pt. 1, 575- 
579 (Reinhold Publ. Corp., New York, N.Y., 1962). 

Vapor phase growth kinetics of Hg and K whiskers by field 
emission, R. L. Parker and S. C. Hardy, J. Chem. Phys. 37, 
No. 8, 1606-1609 (Oct. 1962). 

A low impedance Maxwell bridge for measuring toroidally- 
shaped magnetic materials from 1 Kc to 100 Kc, A. L. Ras- 
mussen and R. C. Powell, Proc. IRE 50, 2505-2506 (Dec. 
1962). 

Germanium vacuum ultraviolet Ritz standards, V. Kaufman and 
K. L. Andrew, J. Opt. Soc. Am. 52, No. 11, 1223-1237 
(Nov. 1962). 

Radio properties of aurorae, C. G. Little, U.S.A. Natl. Comm. 
Intern. Sci. Radio Union Report to Natl. Acad. Sci.-Natl. Res. 
Council on 13th Gen. Assembly, Sept. 5-15, 1960, London, 
England, pp. 216-270 (Natl. Acad. Sci.-Natl. Res. Council, 
Washington, D.C., 1961). 

The determination of absolute temperatures from sound veloc- 
ity measurements, G. Cataland, H. M. Edlow, and H. H. 
Plumb, Book, Temperature, Its Measurement and Control 
in Science and Industry 3, Pt. 1, 129-132 (Reinhold Publ. 
Corp., New York, N.Y., 1962). 

The role of temperature in our measuring system, A. G. Mc- 
Nish, Book, Temperature, Its Measurement and Control in 
Science and Industry 3, Pt. 1, 35-38 (Reinhold Publ. Corp., 
New York, N.Y., 1962). 

Electrophoretic deposits of barium titanate, V. A. Lamb and 
H. I. Salmon, Am. Ceram. Soc. 41, No. 11, 781-782 (Nov. 
1962). 

A rapid method of estimating the order of chemical reactions, 
J. H. Flynn, Chem. Eng. 69, 137-140 (Aug. 1962). 

Microwave Doppler measurements of the ionization front in 
cylindrical shock waves from exploding wires, D. L. Jones 
and R. M. Gallet, Exploding Wires 2, 127-144 (1962). 

Tests for contingency tables and Markov chains, S. Kullback, 
M. Kupperman, and H. H. Ku, Technometrics 4, No. 4, 573- 
608 (Nov. 1962). 

Temperature dependence of elastic constants of vitreous silica, 
S. Spinner, J. Am. Ceram. Soc. 45, No. 8, 394 (Aug. 1962). 

Comments on the use of net rate processes and the equivalent 
two-level atom in non-LTE computations, R. N. Thomas, Ann. 


d’Astrophys. 23, No. 6, 871-878 (1961). 
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Comments on the limits to the refractive index at ground level 
as a radio-meteorological parameter, B. R. Bean and G. D. 
Thayer, Proc. IRE 48, No. 8, 1498-1501 (Aug. 1960). 

Rate of spherulitic crystallization with chain folds in poly- 
chlorotrifluorothylene, J. D. Hoffman and J. J. Weeks, J. 
Chem. Phys. 37, No. 8, 1723-1741 (Oct. 1962). 

Energy exchange in the biosphere, D. M. Gates, Book, Harper 
& Row Publ., New York, N.Y., 1962. 

On the propagation of ELF pulses in the earth-ionosphere 
waveguide, J. R. Wait, Can. J. Phys. 40, 1360-1369 (Oct. 
1962). 

An experimental investigation of over-all heat transfer co- 
efficients for condensing and boiling hydrogen films, K. D. 
Timmerhaus, D. E. Drayer, and J. W. Dean, Intern. Develop. 
Heat Transfer (ASME) 2, 270-278 (1961). 

The photolysis and radiolysis of CH;N2,CH; and CH;N,CH;= 
CD:N:CD; mixtures, R. E. Rebbert and P. Ausloos, J. Phys. 
Chem. 66, No. 11, 2253-2258 (Nov. 1962). 

A molecular-orbital study of the geometry of HO., M. E. Boyd, 
J. Chem. Phys. 37, No. 6, 1317-1325 (Sept. 1962). 

Isotope effect in the recrystallization of p-mannose-l-t, phenyl- 
hydrazone, F. Weygand, H. Simon, K. D. Keil, H. S. Isbell, 
and L. T. Sniegoski, Anal. Chem. 34, 1753-1755 (Dec. 1962) . 

Interpretation of pH measurements in alcohol-water solvents, 
R. G. Bates and R. A. Robinson, Proc. 7th Intern. Conf. 
Coordination Chemistry, Stockholm, Sweden, pp. 342-344 
(1962). 

Polymorphism in fibrous polypeptides: a<2f transformation in 
naturally occurring keratin, A. F. Diorio, L. Mandelkern, and 
E. i Lippincott, J. Phys. Chem. 66, No. 11, 2096-2100 (Nov. 
1962). 

Recent radar observations of new forms of ionosphere scatter, 
K. L. Bowles, U.S.A. Natl. Comm. Intern. Sci. Radio Union 
Report to Natl. Acad. Sci.-Natl. Res. Council on 13th Gen. 
Assembly, Sept. 5-15, 1960, London, England, pp. 288-295 
(Nati. Acad. Sci.-Natl. Res. Council, Washington, D.C., 
1961). 

The significance of transients and steady-state behavior in non- 
linear systems, W. J. Hartman, Proc. IRE Correspondence 
Section 49, No. 3, 637 (Mar. 1961). 

Reaction of methyl-d. radicals with isobutane, isobutane-2-d 
and propane, W. M. Jackson, J. R. McNesby, and B. deB. 
Darwent, J. Chem. Phys. 37, No. 8, 1610-1615 (Oct. 1962). 

Photoionization from outer atomic subshells, A model study, 
J. W. Cooper, Phys. Rev. 128, No. 2, 681-693 (Oct. 15, 
1962). 

Solar flare effects in the F-region of the ionosphere, R. W. 
Knecht and R. E. McDuffie (Proc. Intern. Conf. Cosmic Rays 
and the Earth Storm), J. Phys. Soc. Japan 17, Suppl. A, Pt. 
I, 280-285 (1962). ; 

Theory and methods of optical pyrometry, H. J. Kostkowski and 
R. D. Lee, Book, Temperature, Its Measurement and Control 
in Science and Industry 3. Pt. 1, 449-481 (Reinhold Publ. 
Corp., New York, N.Y., 1962). 

Publications for which a price is indicated are available from 
the Superintendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C. (foreign postage one-fourth addi- 
tional). Reprints from outside journals and the NBS Journal 
of Research may often be obtained directly from the authors. 
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